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GENERAL INTRODUCTION 
A considerable amount of research has been conducted 
throughout the Corn Belt to study the effects of reduced 
tillage systems and mulching on the growth and yield of crops. 
In the 1950s, interest in tillage systems that did not include 
use of the moldboard plow was sparked by two factors: (1) the 
development of dependable herbicides for broad-spectrum weed 
control in corn (Zea mays L.) and (2) the availability to the 
general public of planting equipment that would operate under 
no-plow tillage conditions (Griffith et al., 1977). More 
recent developments which have intensified interest in re­
duced tillage systems include rising fuel prices, increased 
interest in preservation of our soil resource, and reduction 
of sediment entering lakes and streams via agricultural runoff. 
Economic pressure has caused a steady increase in the 
acreage of row crops in the Corn Belt in recent years. The 
inclusion of some marginal lands and the general increase in 
acreage used for this purpose have increased the potential 
for soil erosion in the area. It is generally recognized that 
much of the cropland presently being farmed in the Corn Belt 
has erosion as the dominant limitation for agriculture (Agri­
cultural Research Service—USDA, 1975). 
The maintenance of a cover of crop residue on the soil 
surface has been shown to be an effective aid to erosion con­
trol. Mannering and Meyer (1963) found that even a very small 
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amount of corn residue reduced erosion, and that higher rates 
controlled erosion quite effectively. Other studies have 
shown that the system which involves the least tillage or the 
system that leaves the most residue on the surface has the 
lowest soil loss and the lowest amount of runoff (Harrold 
et al., 1970; Laflen et al., 1978; Moldenhauer et al., 1971; 
Siemens and Oschwald, 1978; Wittmus and Swanson, 1964). On 
soils where water deficits frequently occur, reduced runoff 
can mean more stored soil moisture and the potential for im­
proved crop yields (Amemiya, 1975; Jones et al., 1969; Miller 
and Shrader, 1976). 
Crop response to reduced tillage has been reported to 
vary greatly, with the differences depending on the soil type, 
climate, weather, and various other factors. A study by Van 
Wijk et al. (1959) revealed that early season growth of 
mulched corn was retarded in Iowa, Minnesota, and Ohio, but 
not in South Carolina. They explained that in the southern 
states the soil temperature was generally not far below op­
timum and a reduction of 1 to 2 C did not have a marked effect 
on growth. However, in northern states where soil tempera­
tures are often much farther below optimum, the reduction in 
temperature from the mulch could markedly reduce early corn 
growth. Amemiya (1977) reviewed yield data from Iowa, 
Minnesota, Nebraska, and South Dakota and found that, in 
general, there was no significant difference between crop 
yields on conservation and conventional tilled areas. However, 
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Amemiya subsequently listed five changes in the crop environ­
ment, brought about by the mulch and soil microrelief, which 
might cause yield reduction. These were; 
(a) cooler soil temperature in early spring, especially 
on heavy textured, and imperfectly drained soils, and 
in northern parts of the region; (b) weed control; 
(c) insect and disease problems; (d) poor seed place­
ment; and (e) lower nutrient availability. 
Griffith et al. (1977) reviewed studies from Indiana, Illinois, 
and Ohio and found that when weeds and other pests were con­
trolled, the response of crop yields to tillage was affected 
by: (a) soil drainage, (b) previous crop, (c) soil structure, 
and (d) length of season. 
Many problems are influencing the acceptance of conserva­
tion tillage by the general public. Researchers are working 
to determine which system is best adapted for each climate 
and soil type. Others are looking for the most effective way 
to control weeds, disease, and insects. To develop the best 
recommendations, information must be assembled from many 
sources where individual aspects of the problem are being 
analyzed. 
One of the problems being studied by researchers is the 
retarded early growth of corn on conservation tillage as 
compared to conventional tillage. The overall objectives of 
the research presented in this study were: (l) to separate 
and measure the effects of tillage and mulch on early growth 
of corn, (2) to determine whether differences in corn growth 
were in response to soil temperature or to other factors 
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associated with the tillage and mulch treatments, and 
(3) to determine the influence of tillage and mulch on the 
concentration of nutrients in young corn plants. 
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PART I. GROWING DEGREE UNIT ACCUMULATION 
AND PLANT GROWTH 
6 
INTRODUCTION 
In recent years, a great deal of research has been con­
ducted to study the effect of tillage and mulch on the growth 
and yield of corn. In many cases, yields of corn grain under 
reduced tillage have equaled or exceeded those obtained under 
conventional tillage (Griffith et al., 1973; Jones et al., 
1968; Moschler et al., 1972; Olson and Schoelberl, 1970; 
Triplett et al., 1958). In a six-year study in Virginia, 
Shear and Moschler (1969) found yields of corn grain and 
stover to be higher three years of the six years on no-till, 
and equal the other three years. Yields were higher under 
no-till in the fifth and sixth years of the study, indicating 
that use of no-till for extended periods had no detrimental 
cumulative effect on corn yield. In other cases, however, 
yields have been reported to be less under reduced tillage 
systems (Erbach et al., 1980; Buchele et al., 1955; Kelly, 
1977). 
Although maintenance of crop residue on the soil surface 
is important for erosion control (Mannering and Meyer, 1963), 
it is also the source of some problems associated with re­
duced tillage. Several researchers have found lower soil 
temperatures where crop residues were left on the surface 
(Hanks et al., 1961; Randall, 1980; Burrows and Larson, 1962; 
Mock and Erbach, 1977; Willis, 1976; Olson and Horton, 1975; 
Allmaras et al., 1964). An accumulation of crop residue may 
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also cause some problems with the mechanics of planting and 
other field operations. Reduced effectiveness of herbicides 
has also been related to surface residue, 
Temperature has long been known to be an important factor 
influencing the growth of plants. Lehenbauer (1914) estab­
lished that corn seedling growth increased almost linearly 
as the soil temperature was increased from 12 to 30 C and 
that the optimum temperature for corn growth was 32 C. Willis 
et al. (1957) reported that for corn 3 to 5 cm tall, growth 
increased linearly with temperature between 15,5 and 24,4 C, 
In a greenhouse study. Knoll et al. (l954a) found that in­
creasing temperature increased the dry weight production of 
corn in all stages of development. In Canada, Ketcheson 
(1970) used heating cables to heat the soil to 22 C and found 
that germination was advanced, emergence improved, growth in­
creased, and corn grain yield was greater. In Texas, Adams 
(1967) used plastic mulch to increase early season soil tem­
perature and he too found the emergence time was decreased. 
Blacklow (1972) grew corn in wet, freely-drained vermiculite 
and found that the rate of radicle and shoot elongation was 
greatest at about 30 C and effectively ceased at 9 and 40 C. 
Investigators have found that lowering root temperature will 
reduce water permeability of corn root tissue and induce water 
stress in the shoot tissue (Kleinendorst and Brouwer, 1970), 
which, in turn, retards cell extension (Kleinendorst and 
Brouwer, 1972). 
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In climates or on soils where soil moisture may be limit­
ing to crop growth, the influence of residues on reducing 
soil temperature and conserving soil moisture may be desir­
able (Lai, 1974; Moody et al., 1963; Moschler et al., 1972; 
Triplett et al., 196 8; Van Doren and Triplett, 1973). Thut 
and Loomis (1944) concluded that one of the main factors con­
trolling growth of corn was the supply of water to the plant. 
In Virginia, Jones et al. (1969) found that mulch significant­
ly increased soil moisture in the top 30 cm of soil, resulting 
in increased plant height and grain and stover yields. In 
Ohio, Van Doren and Ryder (1962) reported that, under conditions 
of low rainfall, corn yield averaged 304 kg/ha more under mini­
mum tillage than conventional tillage. When moisture condi­
tions were more favorable, the yield advantage was 126 kg/ha 
for conventional tillage. On moderately well-drained soils 
in Kentucky, soil moisture was greater in the 0 to 8 cm soil 
layer throughout the season under a no-till system (Blevins 
et al., 1971). Tillage influenced soil moisture levels down 
to the 60 cm depth. In a six-year study on a silt loam soil 
in Virginia, Jones et al. (1968) reported that final plant 
heights were greater on no-tilled plots in all years and 
attributed this to better conservation of moisture. He found 
that in the effective root zone (45.7 cm) the increase in 
soil moisture for no-tillage over conventional tillage ranged 
from 31.2 mm to 1.8 mm in the various years. 
In the northern Corn Belt, lower soil temperatures and 
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excess soil moisture at planting time and during early growth 
have been associated with slower corn growth (Larson et al., 
1960). Beauchamp and Lathwell (1967) suggested that seedling 
development is slowed by root zone temperature because they 
found that the shoot apex of corn remained in the soil until 
after emergence of the sixth to eighth leaf from the whorl. 
On four soils in northern and eastern Indiana, Griffith et 
al. (1973) observed that, as tillage decreased and percent 
ground cover increased, plant growth was slowed and maturity 
delayed. In Virginia, Moody et al. (1963) concluded that soil 
temperatures were reduced under a mulch and that corn growth 
was retarded during May and June. However, after June the 
growth of the mulched corn was greater than the unmulched 
due to more favorable soil moisture conditions under the 
mulch and averaged 54 cm taller at silking time. Burrows and 
Larson (1962) also reported that during May and June in Iowa 
corn plant heights and dry weights decreased with increasing 
amounts of residue. 
The objectives of this study were: (l) to separate and 
measure the effects of tillage and mulch on early growth of 
corn and (2) to determine whether any observed differences 
in corn growth represented response to soil temperature or to 
other factors associated with the tillage and mulch treatments. 
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METHODS 
A field experiment was conducted in 1979 and 1980 to 
study the effect of tillage, mulching, and date of planting 
on the early growth of corn. Each of these experiments was 
located on soils of the Clarion-Nicollet-Webster soil asso­
ciation (see Figure 1) at the Agronomy and Agricultural 
Engineering Research Center near Ames, Iowa. The 1980 ex­
periment was moved to an area adjacent to the site used in 
1979 to avoid any residual effects from the mulch treatment. 
The soils in the 1979 experimental area were mainly 
Webster clay loam and Canisteo clay loam. Both soils are 
classified as Typic Haplaquolls. They are deep, poorly 
drained, moderately permeable soils formed in glacial till or 
local alluvium derived from till on uplands. Canisteo soils 
are calcareous. Small areas of Harpster loam soils, which 
are classified as Typic Calciaquolls, are also present. 
Harpster soils are poorly drained with moderate to moderately 
slow permeability. 
In 1980, the experimental area was composed of approxi­
mately equal amounts of Clarion loam, Nicollet clay loam, 
and Webster clay loam. Clarion soils are classified as Typic 
Hapludolls. They are well-drained, moderately permeable soils 
formed in glacial till plains. Nicollet soils are classified 
as Aquic Hapludolls which are deep, moderately well to some­
what poorly drained soils with moderate permeability. 
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A 
N 
Soil 
Boundaries 
Plot 
Boundaries 
Soil Symbols 
C - Clarion 
N - Nicollet 
W - Webster 
Wa - Canisteo 
H - Harpster 
Figure 1. Soils map of experimental area; the 1979 plot site 
was located on the south half of the area within 
the dashed lines and the 19 80 plot site was located 
on the north half of the area 
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The 1979 location had been planted to no-tilled soybeans 
in 1978 and to conventionally tilled corn in 1977. The 1980 
plot site had a previous history of no-tilled corn in 1979, 
no tillage or planting in 1978, and Buffalo-tilled corn in 
1977'and 1976. Therefore, both plot sites had been in a 
no-till system in the year previous to this study, with the 
1980 site having received some form of reduced tillage for 
several prior years. 
Both experiments utilized a randomized block, split-
plot design with 5 replications. Combinations of 4 planting 
dates and 2 tillage systems made up the whole-plot treatments. 
These plots were split with two ground covers, bare and 
mulched soil surfaces (see Figure 2). 
The four planting dates (PD) at approximately 3-week in­
tervals were included to insure a range in soil temperature 
at planting time. Planting dates in the 1979 study were 
8 May, 29 May, 21 June, and 10 July. Weather conditions per­
mitted planting earlier in 1980 and the dates were 22 April, 
13 May, 5 June, and 24 June. 
Tillage variables involved conventional tillage (CT) and 
no-tillage (NT) systems. The CT consisted of moldboard plow­
ing in the fall, followed in the spring by tilling twice with 
a spring tooth cultivator and once with a field harrow just 
prior to planting. The NT system received no tillage before 
planting. Individual whole plots (PD-tillage) were 6.1 m wide 
and 27.4 m long, which handled 8 rows of corn with a 76.2 cm 
13a. 
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Figure 2. Location of plots within experimental area for 
1979 and 19 80 
13b 
row spacing. 
The split-plot mulch treatment consisted of residue from 
the previous soybean crop in 1979 and residue from the previ­
ous corn crop in 1980. Mulching consisted of raking together 
the residue from half of a NT plot, weighing it, and spread­
ing it on half of a CT plot in the same replication. To 
facilitate handling, the corn residue was shredded with a 
rotary chopper prior to removal and reapplication. Subsamples 
of the residue were dried at 60 C to determine moisture 
content and calculate dry weight of residue in the field. 
In 1980,the mean corn residue weight ranged from 9.00 to 
14.16 metric tons/ha. The soybean residue in 1979 was not 
weighed; however, there was considerably less residue present 
in that year. Shortly after planting in 1980, percent residue 
cover was determined on all treatments by the meterstick 
method (Hartwig and Laflen, 1978). Ten determinations of 
percent cover were made on each treatment. On the NT-mulch 
plots, where the residue had not been moved, the percent cover 
ranged from 81 to 89%. On the CT-mulch, the range was from 
55 to 81%, The percent cover on CT-bare and NT-bare ranged 
from 1.3 to 5.6 and 5.2 to 9.4%, respectively. 
All plots were planted with a 4-row John Deere 7100^ 
planter. Pioneer 3529, a 119-day relative maturity corn, was 
Mention of companies or commercial products does not 
imply recommendation or endorsement by Iowa State University 
over others not mentioned. 
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planted in 1979. Due to late maturity of the later plantings 
of corn in 1979, Pioneer 3780, a 107-day relative maturity 
corn, -was used in 1980. In 1979, all plots were planted at 
the same planting rate, 54,444 plants/ha. Due to planter 
problems in 1980, the first planting was made at the rate of 
64,444 plants/ha and the following three plantings were 
planted at 73,5 80 plants/ha. 
Basic applications of phosphorus (P) and potassium (K) 
fertilizers were broadcast over all plots at a rate of 0 + 
48.9 + 93.3 (0 + 112 + 112 K^O)kg/ha in the fall previous 
to the year of study. The CT plots were moldboard plowed 
following fertilizer application. Fertilizer nitrogen (N) 
was broadcast over all plots immediately before tillage was 
performed for the first planting. The N fertilizer was applied 
in the form of urea (45-0-0) at a rate of 179.2 kg/ha. 
In general, a serious weed problem did not develop on 
the plots, although some parts of the field were weedier than 
others. The intensity of weeds did not seem to be related to 
tillage, but did seem to be more of a problem on the areas 
where the mulch had been raked away and removed. This may 
have been due to removal of part of the herbicide with the 
residue. In 1979 and 1980, a pre-emergence herbicide was 
sprayed on all plots at the time of the first planting. It 
consisted of 2-(4-chloro-6-ethylamino-s-triazin-2-ylamino)-
2-methylpropionitrile (cyanazine) and 2-chloro-2'6'-diethyl-
N-(methoxymethyl).-acetanilide (alachlor). Planting was late 
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in 1979 due to a wet spring and weeds were already established 
on the NT plots. Hence, two days after planting, the plots 
were sprayed with a mixture of l,l'-dimethyl-4,4'-bipyridinium 
ion (paraquat) plus an extender. Weed control was good in the 
early part of the 1980 season; however, some weeds started to 
emerge by early June, so all the plots were sprayed with a 
mixture of 2-chloro-4-ethylamino-6-isopropylamino-l,3,5-
triazine (atrazine) and oil. Hand hoeing was done in both 
years to control problem areas. Thermocouple wires in the 
plots prevented machine cultivation after planting. 
Soil moisture was determined gravimetrically on samples 
taken in both 1979 and 1980. In 1979, soil moisture samples 
were taken only at the time of each planting to determine 
whether there was satisfactory moisture present at that time 
for germination and seedling growth. These samples were taken 
at depths of 0-7.5, 7.5-15, 15-30, and 30-45 cm. In 1980, 
moisture samples were taken twice a week for 6 weeks follow­
ing planting to measure changes in soil moisture levels that 
might be occurring under the mulch. These samples were taken 
at depths of 0-7.5 and 7.5-15 cm. All gravimetric moisture 
samples were dried for 48 hours at 105 C. 
Soil temperatures were monitored with a multipoint re­
corder and thermocouples for a period of 6 weeks after plant­
ing. Three thermocouples per treatment were used, all of 
which were placed in the corn row at a depth of 5 cm below 
the soil surface. A more complete account of materials and 
16 
methods used in monitoring soil temperature can be found in 
Appendix A. In 1979, soil temperatures were recorded at 1-
hour intervals, 24 hours per day. For a short time during 
that summer, due to recorder malfunction, it was necessary to 
monitor soil temperatures with glass mercury thermometers. 
Only one thermometer per plot was installed and temperature 
was recorded at 0700 and 1500 Central Standard Time (CST). 
These were considered the daily minimum and maximum tempera­
tures, respectively. In 19 80, the multipoint recorder was 
used the entire summer, with soil temperatures recorded at 
4-hour intervals at the following times throughout the day: 
0300, 0700, 1100, 1500, 1900, and 2300 CST. 
Growing degree units (GDU) were calculated from the soil 
temperatures measured at the 5-cm depth. The method for GDU 
calculation was similar to that used in the National Weekly 
Weather and Crop Bulletin (Barger, 1959) and has been tested 
against other methods by Gilmore and Rogers (195 8) and Coehlo 
and Dale (1980). All temperatures below 10 C were adjusted to 
10 C and all temperatures above 30 C were adjusted to 30 C. 
A daily mean was calculated from the adjusted hourly tem­
peratures in 1979 and from the adjusted temperatures taken 
every 4 hours in 1980. A base temperature of 10 C was then 
subtracted from the daily mean temperature, resulting in a 
GDU with a value between 0 and 20. An accumulated GDU (AGDU) 
was also calculated, which consisted of the summation of the 
daily GDU values for a 6-week period. 
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In 1979, plant population counts were made when the corn 
reached full emergence and again at harvest. In 1980, daily 
emergence counts were made until full emergence of the corn. 
Final population at harvest was also recorded. The stand 
counts in 1979 and the emergence counts in 1980 were made in 
an area 4 rows wide and 7 m long in each treatment, giving 
a total of 28 m of row. In 1979, ear corn was harvested by 
hand from this area to measure grain yield. In 1980, the 
third and fourth rows from the south side of each plot were 
harvested with a 2-row combine that had a weighing hopper. 
These rows were trimmed to measure 12.2 m each, giving a total 
of 24.4 m of harvest row. Final population counts were also 
made in this area. 
Plant samples were taken twice dur.ing early growth of 
the corn, at leaf stages 4 and 5. The rounded leaf was counted 
as the first leaf in determining the leaf stage. Each suc­
ceeding leaf was counted when the back of the collar was 
visible. At leaf stage 4, height and dry weight were 
measured on 12 plants. At leaf stage 6, height was measured 
on 12 plants and dry weight was measured on 10 plants. Height 
was measured from the soil surface to the tip of the longest 
leaf extended vertically. Dry weight was taken after drying 
the plants in an oven at 60 C for 48 hours. Plant height and 
dry weight were measured again at harvest on 12 and lO plants, 
respectively. 
All of the variables measured in this study were analyzed 
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by a simple analysis of variance with the following design: 
Source Degrees of freedom 
REP 4 
PD 3 
TILL 1 
PD X TILL 3 
Error A 28 
GC 1 
PD X GC 3 
TILL X GC 1 
PD X TILL X GC 3 
Error B 32 
Corrected total 79 
where: 
REP = replication 
PD = planting date 
TILL = tillage treatment 
GC = ground cover treatment. 
However, it was important to also examine the effect of most 
variables within each planting date. The following analysis 
of variance was performed for each planting date; 
Source Degrees of freedom 
REP 4 
TILL 1 
Error A 4 
GC 1 
TILL X GC 1 
Error B 8 
Corrected total 19 
An abbreviated analysis of variance with the mean square 
variables based on the above table can be found in Appendix C. 
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RESULTS 
Accumulated Growing Degree Units 
The AGDU increased significantly from the early planting 
dates to the late planting dates in both 1979 and 1980, with 
one exception (see Table l). Cloudy weather conditions and 
earlier shading by the crop resulted in lower AGDU at planting 
date (PD) 4 than at PD 3 in 1979. The general trend for AGDU 
was to increase throughout the season and for the values for 
PD 3 and 4 to be considerably higher than those for PD 1 and 
2. The means in Table 1 indicate that ground cover had a 
greater effect than tillage on AGDU. In 1979, AGDU were 
significantly (O.Ol level) reduced in PD 1 by mulch on the 
soil surface. Although AGDU also were reduced by mulch in 
the other 3 plantings in 1979, the decrease was not statis­
tically significant. There was a significant (O.Ol level) 
reduction in AGDU with mulch on the soil surface at PD 1, 2, 
and 4 in 1980. Due to cloudy weather conditions, AGDU in 
PD 3 were reduced only 10 GDU with the mulch as compared to 
77, 63, and 23 GDU in PD 1, 2, and 4, respectively. No-tillage 
significantly reduced AGDU in PD 1 and 4, 1980, with the re­
ductions amounting to 27 and 17 GDU, respectively. There was 
a significant interaction between tillage and ground cover 
in PD 1, 1980, with AGDU being reduced twice as much by mulch 
on NT as on CT, but the AGDU for NT-bare and CT-bare were 
approximately equal. During the same year, in PD 3 the 
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Table 1. Mean accumulated growing degree units 
PD 
Ground 
cover 
1979 1980 
CT NT Mean CT NT Mean 
1 Bare 453 450 452 376 377 376 
Mulch 437 443 440 326 272 299 
Mean 445 447 351 324 
2 Bare 548 542 545 500 509 504 
Mulch 535 544 540 438 444 441 
Mean 542 543 469 476 
3 Bare 649 654 651 6 86 672 679 
Mulch 649 651 650 676 662 669 
Mean 549 652 681 667 
4 Bare 602 606 604 754 746 750 
Mulch 602 604 603 739 715 727 
Mean 602 605 747 730 
reduction in AGDU was not significant and in PD 2 there was 
an increase in AGDU on NT. 
Emergence 
Corn emerged faster at the later planting dates. In 
19 80, the first plants to emerge were 12, 10, 5, and 5 days 
after planting for PD 1, 2, 3, and 4, respectively. As illus­
trated in Figure 3, the interval between first and complete 
emergence was 20, 9, 7, and 5 days for PD 1, 2, 3, and 4, 
respectively. Plots were considered to be at full emergence 
when the plant population remained constant for 3 days. 
Figure 3. Effect of tillage and mulch on rate of corn 
emergence in 19 80 
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DAYS AFTER PLANTING 
23 
Listed in increasing order of time required for emergence, 
the general trend for the four tillage and ground cover 
treatment combinations was as follows: CT-bare, NT-bare, 
CT-mulch, and NT-mulch. 
The following emergence rate index (ERI) (D. C. Erbach, 
Department of Agricultural Engineering, Iowa State Univer­
sity, personal communication) was used to compare jthe emer­
gence rates: 
n (E./P)lOO - (E. /P)100 
ERI = E 1 (1) 
i=l 
where : 
E = number of plants emerged 
i = days after planting 
P = number of seeds planted 
n = last day emergence counts were taken. 
With this index, higher values of ERI indicate faster emer­
gence rates. As illustrated in Table 2, the ERI was greater 
for the bare plots than for the mulched plots. In most cases, 
the ERI for CT-bare and NT-bare were very similar within a 
planting date; CT-mulch was somewhat lower and NT-mulch was 
lowest. The existence of this pattern throughout all four 
planting dates was significant at the 0.05 level. The inter­
action between tillage and ground cover was significant at the 
0.05 level in planting dates 1 and 4. The planting date by 
ground cover interaction was significant at the 0.05 level, 
while the planting date by tillage interaction was not 
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Table 2. Emergence rate index for corn in 1980 
Ground 
cover 
Planting date 
Tillage 1 2 3 4 
CT Bare 7.00 9.48 15.87 20.01 
Mulch 5.16 6.73 12.97 17.29 
NT Bare 7.05 8.43 14.61 19.24 
Mulch 5.00 5.71 11.80 18.72 
significant,. This indicated that ground cover slowed the 
emergence rate to a greater degree than did tillage. The 
greatest reduction in ERI due to mulch was in PD 2 and 3. It 
is suspected that the soil temperature on the bare soil at 
PD 1 was still cool enough to hinder emergence. For this 
reason, the difference between the ERI for mulch and bare 
surface was reduced. In PD 2 and 3, the bare soil was warmer 
than the mulched soil as it had undergone more heating from 
solar radiation. By the time of PD 4, the mulched soil had 
warmed sufficiently so it did not hinder corn emergence. 
This resulted in less difference in ERI between ground 
covers in PD 4. 
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Plant Population 
Mulch significantly (0,05 level) reduced final stand in 
PD 1, 1979, and in PD 2 and 3, 1980. The general trend was 
either for the mulched and bare plots to have similar stands 
or for stand on the mulched plots to be less (see Table 3). 
In 1979, the AGDU between mulch and bare cover was different 
only in PD 1, indicating that low temperature may have been 
responsible for the reduced stand observed under mulch at 
this date. The AGDU were low in PD 1 on both ground covers 
in 1980, and stand was reduced on both mulch and bare, lead­
ing to no significant difference between stand. In PD 2 and 
3, the soil warmed up faster on the bare plots than under the 
mulch. This led to significant reductions in stand on the 
mulch. At PD 4, 1980, both mulch and bare plots had warmed 
up sufficiently to permit a comparable stand. 
Tillage did not have a statistically significant effect 
on final stand. The stand means for tillage treatments show 
a tendency for some stand reduction under NT at PD 1 and 2 
but not at PD 3 and 4. 
Plant Height and Dry Weight 
Two factors were thought to contribute to smaller dif­
ferences in plant height during early growth in 1979 than in 
19 80. The first factor was a large difference in early-
season precipitation during the two years. In 1979, 38.66 cm 
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Table 3. Final stand of corn in 1979 and 1980 
Tillage 
Ground 
cover 
Planting date 
1979 
CT Bare 
Mulch 
61200 
59900 
64100 
66100 
57500 
59100 
60100 
61900 
NT Bare 
Mulch 
58200 
57300 
63900 
60100 
60400 
59100 
61900 
59700 
1980 
CT Bare 60300 
Mulch 5 8900 
NT Bare 58200 
Mulch 55400 
70200 67300 68000 
64200 61700 63300 
63600 65900 65800 
55000 62000 67500 
of precipitation was received during the months of May, 
June, and July, which was 6.15 cm greater than normal (Shaw 
and Waite, 1964). In 1980, precipitation was 10.11 cm below 
normal for the same period. ^ The excess rainfall in 1979 de­
layed the first planting and tended to minimize the effect 
of mulch on soil temperature and moisture. The second factor 
was related to the fact that soybean residue was used for 
mulch in 1979 and corn residue was used in 1980. Therefore, 
in 1979 there was considerably less mulch on the mulched plots 
than in 1980. This resulted in less temperature differences 
between the mulched and the bare plots in 1979. 
Aside from the problems previously mentioned, similar 
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trends were observed in both years. Mean plant heights and 
dry weights are shown in Table 4, Both plant height and dry 
weight were reduced significantly (O.Ol level) on mulched 
soil at leaf stages 4 and 6 in the first 2 plantings in 1979 
and the first 3 plantings in 19 80. The effect of tillage on 
plant height and dry weight in 1979 was not significant. In 
1980, plant height and dry weight were significantly reduced 
on NT at leaf stages 4 and 6 in the first planting. There 
was very little tillage by ground cover interaction in 
either year. Generally, the main effect of mulch on plant 
height and dry weight at leaf stages 4 and 6 was stronger and 
lasted through more plantings than did the main effect of 
tillage. 
Plant height and dry weight at harvest showed little 
effect from tillage. At PD 2 in 1979, plants from the CT 
treatment were significantly taller than NT plants, averaging 
315 cm compared to 297 cm. However, this was the only plant­
ing that demonstrated this difference. Ground cover had a 
greater effect on plant height, with the plants from the 
mulched plots tending to be taller than those from the bare 
plots in several instances. When mulched corn was taller at 
harvest, the AGDU for the first 6 weeks was relatively low. 
These trends indicate that if the corn emergence was slowed 
due to cool soil temperatures the plants tended to be taller 
at harvest. In both years,there was a highly significant 
decrease in plant height at harvest with later planting dates. 
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Table 4. Mean corn plant height and dry weight at leaf stage 
4, leaf stage 6, and at harvest for 1979 and 1980 
PD 
Ground 
Till cover 
Height 
Har 
Dry weight 
Har 
• cm 
1979 
1 CT Bare 25 70 2 85 0.56 7.98 356 
Mulch 24 65 284 0.48 6.41 365 
NT Bare 27 73 284 0.62 8.33 410 
Mulch 26 72 2 80 0.58 8.48 366 
2 CT Bare 45 93 317 2.37 14.56 363 
Mulch 43 91 314 1.86 12.94 335 
NT Bare 47 92 297 2.44 13.90 332 
Mulch 43 86 298 1.88 11,98 338 
3 CT Bare 26 75 285 0.48 7.83 273 
Mulch 26 79 289 0.47 8.14 280 
NT Bare 27 79 295 0.46 8.01 277 
Mulch 29 82 296 0.49 8.53 268 
4 CT Bare 34 86 257 0.90 7.73 176 
Mulch 34 86 264 0.92 8.13 172 
NT Bare 36 90 261 1.09 8.87 179 
Mulch 35 88 259 0.91 8.10 175 
1980 
1 CT Bare 46 85 312 1.97 10.45 237 
Mulch 41 71 369 1.24 6.62 239 
NT Bare 37 72 269 1.12 6.57 220 
Mulch 33 55 335 0.58 2.77 238 
2 CT Bare 45 82 308 1.77 8.70 238 
Mulch 36 64 306 0.90 4.07 243 
NT Bare 44 76 294 1.44 6.86 238 
Mulch 37 61 359 0.90 3.63 240 
3 CT Bare 45 79 301 1.41 7.67 248 
Mulch 40 72 291 0.91 5.59 252 
NT Bare 41 72 295 1.04 5.43 238 
Mulch 28 66 295 0.78 4.53 245 
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Table 4. (Continued) 
Ground HËiaUt Pry wglqht 
PD Till cover 4 6 Har 4 6 Har 
cm — g- -
CT Bare 43 84 267 1.04 6.02 246 
Mulch 43 78 25 8 0. 88 5.01 253 
NT Bare 42 78 237 0.87 5.00 234 
Mulch 42 79 241 0.80 5.17 247 
the exception being PD 1, 1979. 
Plant dry weight at harvest was significantly (O.Ol 
level) reduced on mulched plots in PD 1, 1979. The mulch and 
tillage effects were minimal in the other 3 plantings. There 
was, however, a general decrease in the mean plant dry weight 
with later planting dates, ranging from 374 to 175 g in PD 1 
to 4, respectively. In 1980, the opposite trend was found, 
with plant dry weight increasing slightly with later plant­
ing date. 
Dry Matter Yield and Grain Yield 
Above normal rainfall in the spring of 1979 delayed the 
first planting of corn; consequently, all of the succeeding 
plantings were made at later dates than planned. Table 5 
shows the mean dry matter yields and grain yields. The first 
two plantings produced approximately the same dry matter yield 
regardless of treatment, while dry matter yields were 
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Table 5. Mean dry matter yield and grain yield at harvest 
time in 1979 and 19 80 
1979 19 80 
PD Till 
Ground 
cover 
Dry 
matter 
yield 
Grain 
yield 
Dry 
matter 
yield 
Grain 
yield 
Moisturi 
content 
kg/m^ q/ha kg/m^ q/ha % 
1 CT Bare 
Mulch 
2.17 
2.19 
114.5 
113.8 
1.43 
1.40 
74.1 
74.9 
17.5 
17.7 
NT Bare 
Mulch 
2.40 
2.09 
112.6 
112.9 
1.28 
1.32 
65.6 
80.9 
17.9 
19.2 
2 CT Bare 
Mulch 
2.32 
2.21 
116.4 
107.3 
1.67 
1.56 
79. 8 
74.5 
23.9 
24.7 
NT Bare 
Mulch 
2.12 
2.04 
107.3 
103.6 
1.51 
1.33 
74.2 
70.7 
21.9 
30.2 
3 CT Bare 
Mulch 
1.58 
1.65 
63.3 
60.1 
1.67 
1, 55 
72.9 
62.4  
26.2  
28.5 
NT Bare 
Mulch 
1.67 
1.58 
64.6 
65.2 
1.56 
1.52 
68.1 
55.7 
27.6  
31.2 
4 CT Bare 
Mulch 
1.05 
1.06 — 
1.67 
1.60 
66,0 
62.4 
23.5 
25.4 
NT Bare 
Mulch 
1.11 
1.04 : 1.53 1.68 61.6 54.3 25.1 25.4 
•considerably less in PD 3 and 4. Corn grain yield in 1979 
followed a very similar pattern. PD 1 had the highest yield, 
yields in PD 2 were reduced only slightly, and yields in PD 3 
were reduced about 45 q/ha. 
Because of a dry spring in 1980, the advantage for early 
planting was much less than in 1979, as measured by plant dry 
weight and grain yield. Total dry matter production actually 
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tended to increase with progressively later plantings. Grain 
yields were about equal for PD 1 and 2 and declined slightly 
for PD 3 and 4. 
The main effects of ground cover and tillage on corn 
grain yields were not significant. Generally, grain yields 
on mulched soil and NT were lower than yields on bare soil 
and CT, respectively. When dry matter yields were averaged 
over ground covers in PD 1, 1980, there was very little dif­
ference between the amount of dry matter produced on bare and 
mulched soil. This may have been due to the cool soil tem­
peratures under both ground cover treatments at that time. 
In PD 2, the soil temperatures increased faster in the bare 
soil than in the mulched soil. The dry matter yield jumped 
to about 1.6 kg/m and remained relatively close to that in 
PD 3 and 4. The mulched soil temperature increased more 
slowly, resulting in a dry matter yield that increased almost 
linearly from 1.35 kg/m^ in PD 1 to 1.64 kg/m^ in PD 4. This 
resulted in very little difference in dry matter yield between 
ground cover treatments at PD 1 and 4, and a reduced dry 
matter yield on the mulched soil in PD 2 and 3. A similar 
relationship existed between CT and NT with dry matter yield 
on CT increasing from PD 1 to 2 and remaining nearly constant 
in PD 2, 3, and 4. Dry matter yield consistently increased 
on NT with later planting dates until in PD 4 dry matter 
yields were similar on CT and NT. 
In 19 80, corn grain moisture at harvest for PD 1, 2, and 
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3 was similar in the CT-bare, CT-mulch, and NT-bare treat­
ments. As can be seen in Table 5, the NT-mulch treatment re­
sulted in higher grain moisture content at harvest, indicating 
slower growth and development of corn under this system. In 
PD 4, the corn grain on CT-mulch, NT-bare, and NT-mulch had 
a similar moisture content which was almost 2% higher than the 
grain moisture on CT-bare. 
In summary, AGDU was affected mainly by ground cover and 
very little by tillage, with lower AGDU being recorded on 
mulch than on bare soil. The main reason for this was 
probably that less solar radiation reached the soil surface 
due to interception and reflection by the mulch. Early growth 
of corn plants also was affected more by ground cover than by 
tillage. Plants emerged slower, and early plant height and 
dry weight were reduced on mulched soil. Corn grain yields 
did not show significant differences due to tillage or ground 
cover, but tended to be higher in the absence of mulch and 
under the CT system. However, grain yield did respond to 
planting date, with yields decreasing with later planting. 
Dry matter yield was influenced very little by ground cover 
or tillage. 
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PART II. PLANT NUTRIENT CONCENTRATION 
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INTRODUCTION 
Bower et al. (1944) were among the first researchers to 
demonstrate that tillage had a direct effect on availability 
of soil nutrients. He reported signs of N deficiency in corn 
grain on disked and subsurface-tilled plots, but not on 
plowed plots. Concentration of N in corn was lower in plants 
grown on all reduced tillage systems and P content was lower 
on subsurface-tilled plots. The K content of the corn plants 
on plowed ground was found to be 70% higher than the average 
of the plants grown on reduced-tillage systems. 
In investigations in Wisconsin, Schulte (1979) found that 
corn grown on minimum or no-till systems benefited from the 
addition of larger amounts of K than corn grown with conven­
tional tillage. The application of N, P, and K fertilizer 
in a band 5 cm to the side and 5 cm below the seed signifi­
cantly increased both grain yields and leaf tissue K content. 
In Iowa, Lawton and Browning (1948) found that the availability 
of nutrients in relation to tillage depended on the condition 
of the soil and the soil type. On well-managed permeable 
soils with high organic matter and good tilth, there was little 
evidence of nutrient deficiency. On soils that have been 
poorly managed and depleted of organic matter or on slowly 
drained soils, nutrient deficiencies were found in corn on 
reduced tillage systems. They related the availability of 
nutrients to the aeration of the soil and to conditions which 
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favored biological activity. 
Work done in Iowa by Parker and Larson (1955) indicated 
that N and K uptake was decreased on reduced tillage systems. 
They suggested that the decrease in nutrient content was re­
lated to the effect of tillage on soil temperature, moisture, 
aeration, and biological relationships in soils. They also 
found that manganese (Mn) was lower in plants grown on mulched 
soils as compared to bare soil. 
Several factors have been shown to affect the uptake of 
nutrients by the plant. Hope (1960) listed both external and 
internal factors, where external factors dealt with the soil 
and the environment around the plant and internal factors 
dealt with the plant itself. The following is a list of the 
factors that Hope (1950) reported could influence the uptake 
of nutrients by plants: 
External factors 
1. Availability (plant-soil relation) 
2. Nature and concentration of the ion 
3. Temperature 
4. Oxygénâtion 
5. Water status 
6. Presence of other ions 
7. pH, a special case of 6 
Internal factors 
1. Nature and extent of root system 
2. Free space available to the ion 
3. Number and concentration of ion-exchange centers 
4. Rate of transpiration 
5. Age and rate of growth 
6. Rate of respiration 
7. Internal ion status 
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Researchers have shown that tillage and mulch can affect 
one or more of the factors listed by Hope and, hence, affect 
nutrient uptake by the plant. In Virginia, Moschler et al. 
(1972) found greatly increased corn grain yields on no-till 
as compared to conventional tillage. They credited increased 
solubility and greater uptake of nutrients. Arnon (1975) 
reported a direct relationship between the degree of tillage 
and the N requirement of corn. He reported that when mois­
ture conditions were favorable, tillage promoted aeration and, 
hence, the decomposition of organic matter. This resulted in 
an increase in the amount of N available to the crop. High 
carbon dioxide (CO^) levels have been shown to severely limit 
nutrient and water uptake (Chang and Loomis, 1945; Kramer, 
1940). 
In a 13-year field study in Iowa, Morachan et al. (1972) 
found aluminum (Al)-induced calcium (Ca) deficiency in corn 
grown on soil with large amounts of cornstalk residue and low 
soil pH. The lowest pH reported was 4.8. In Hawaii, mulch 
reduced soil temperature and conserved soil moisture, thus 
producing conditions favorable for hydration of Mn in the soil 
(Sherman and Fujimoto, 1946). In high Mn soils, the amount 
of exchangeable Mn present in the soil could be reduced to 
20% of that present in bare soil. The availability of Mn was 
increased when organic matter was mixed with the soil, whereas 
it was decreased when organic matter was applied to the soil 
as a mulch (Fujimoto and Sherman, 1948). Parker (1962) found 
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that in Iowa the Mn content of young corn plants was lower 
with surface residue than with buried residue. He reported a 
significantly greater number of Mn-oxidizing bacteria present 
where soil was mulched. A similar Mn deficiency situation 
was found with oats grown on straw mulch (Timonin and Giles, 
1952). 
Although several factors, such as soil moisture, aera­
tion, biological activity, and ion antagonism, have been re­
ported to affect nutrient uptake and concentration in corn, 
soil temperature has been the factor that has received the 
most attention in connection with tillage studies. 
When soils were artificially heated in Ohio, it was found 
that corn plants contained more N, P, and K and less Ca and 
magnesium (Mg) than plants grown on soil at least 8.3 C 
cooler (Mederski and Jones, 1963; Jones and Mederski, 1963). 
Influx of K in corn has been reported to be twice as great 
at 29 C than at 15 C (Ching and Barber, 1979). In Iowa, 
mulch reduced soil temperature and retarded corn growth; 
however, the N content of the plants was greater in plants 
grown on the mulched soil while the K content was not affected 
by treatment (Parker and^Larson, 1962). Adams (1970) used 
clear plastic mulch and petroleum mulch to increase soil tem­
perature during early season growth of corn in Texas. He 
found earlier emergence and accelerated above-ground vegeta­
tive growth which he credited to increased root growth and 
nutrient uptake. 
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Uptake of Mn in soybeans was found to be reduced where 
soil temperature was low and soil moisture high (Mederski and 
Wilson, 1955). Reduced translocation of photosynthate to the 
root from the shoot, decreased utilization of photosynthate 
within the root, and reduced absorption of water and nutri­
ents by the root have all been reported as results of de­
creased root temperature (Nielson and Humphries, 1956). With 
surface temperatures below 19 to 22 C, Boatwright et al. 
(1976) reported restricted translocation of nutrients through 
the crown node of wheat. Low soil temperatures have been 
shown to reduce the rate of nutrient transfer from roots to 
tops in barley (Power et al., 1970). 
Zinc deficiency in corn has been associated with cool, 
cloudy weather. The low temperature reduced solubilities and 
retarded the rates of chemical and biological processes in 
the plants, reducing Zn uptake (Edwards and Kamprath, 1974). 
Grobbelaar (1963) found that the uptake of N, P, K, Ca, 
and Mg was retarded at 15 C and cooler. However, at tempera­
tures between 20 and 35 C, he found indications of luxury 
accumulation by the shoot. When nutrients were doubled at 
the lower temperatures, nutrient concentrations did not in­
crease within the plant. These findings indicated to him that 
at low temperatures, nutrient uptake was not limiting growth, 
but rather that decreased absorption of water by the roots 
decreased transpiration and increased the internal diffusion 
pressure deficit of the plant. 
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Several researchers have reported P uptake and concen­
tration in corn to increase with increasing soil temperature 
(Knoll et al., 1964a; Ketcheson, 1957; Dormaar and Ketcheson, 
1960). Other studies have indicated that under field condi­
tions there may be other factors overriding the reduced tem­
perature effect of the mulch. In Virginia, Shear (1968) 
reported that during early growth stages the N, P, K, and Ca 
contents of corn leaves from no-tilled plots equaled or were 
greater than those from conventional tilled plots. A 5-year 
study in Ohio (Triplett and Van Doren, 1969) revealed that, 
at the 8th and lOth leaf stages, P and K concentrations in 
corn leaves were higher in plants grown under a no-till than 
a conventional tillage system, but by tasseling the concen­
trations were equal. They also found that N content was not 
affected by tillage. Another study in Virginia (Singh et al., 
1966) demonstrated that 30 days after planting, corn grown 
on NT had higher P content than corn grown on CT. They found 
higher uptake and leaf concentration in corn from surface 
applied P than from P that was incorporated. 
In general, there appear to be some discrepancies in 
the reported influence of mulch and tillage on nutrient up­
take by corn plants. It seems likely that strong interactions 
occur between the effectiveness of these practices and soil 
characteristics, weather conditions, and numerous other 
factors which influence plant growth. 
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The objective of this study was to determine the in­
fluence of tillage and mulch on the concentration of nutri­
ents in young corn plants. 
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METHODS 
This investigation was conducted over a 2-year period 
(1979 and 1980) at the Agronomy and Agricultural Engineering 
Research Center near Ames, Iowa. The soils in the experi­
mental area are of the Clarion-Nicollet-Webster soil associa­
tion. These soils range from well-drained to poorly drained 
and are moderately permeable. The experiment was designed 
as a randomized block, split-plot design with five replica­
tions. There were four planting dates at 3-week intervals 
and two tillage treatments, no-tillage (NT) and conventional 
tillage (CT), at each planting date. The eight combinations 
of these tillage and planting date variables made up the 
whole plot treatments. These plots were split with two ground 
cover treatments, bare soil surface and mulched soil surface. 
Mulching was accomplished by raking together and removing 
all the residue from half of a NT plot and evenly distributing 
it on half of a CT plot located in the same replication. The 
mulching material consisted of soybean plant residue in 1979 
and corn plant residue in 19 80. A more complete description 
of the experimental area and treatments can be found in Part I 
of this dissertation. 
Shortly before each planting in 1979, a composite soil 
sample was taken from each treatment at depths of 0-2.5, 
2.5-7.5, and 7.5-15 cm. Soil samples were not taken on each 
ground cover treatment. These treatments had been imposed on 
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the plots for less than a week and it was assumed that the 
nutrient status had not changed significantly over such a 
short period of time. During the 1979 season, soil samples 
were taken at three locations in each replication from depths 
of 15-30, 30-60, 60-90, 90-120, and 120-150 cm. These deep 
samples were taken to characterize the nutrient level of the 
soil below the l5-cm depth and not to measure any effect from 
surface treatments. The field moist samples collected in 1979 
were analyzed by the Soil Testing Laboratory at Iowa State 
University for available P, exchangeable K, Zn, sulfur (S), 
pH, buffer pH, and organic matter content. Soil nitrate (NO^) 
analysis was performed by Minnesota Valley Testing in Nevada, 
Iowa. 
In 19 80, only the 0- to l5-cm soil layer was sampled 
for nutrient analysis. This was done shortly after planting 
each tillage plot. These soil samples were sent in air-dried 
condition to the Research-Extension Analytical Laboratory 
(REAL) in Wooster, Ohio, to be analyzed for NOg, P, K, pH, 
Ca, Mg, cation exchange capacity (CEC), and base saturation 
of Ca, Mg and K. 
Corn plants were sampled twice during early growth at 
leaf stages 4 and 6. The leaf stage was determined by count­
ing the rounded leaf as the first leaf and then counting each 
succeeding leaf when the back of the collar was visible. 
Plant height and dry weight were measured at both leaf stages. 
Only the above-ground portion of the plants was taken for 
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nutrient analysis. The plant samples were dried at 60 C for 
48 hours, were ground and sent to REAL in Wooster, Ohio to 
be analyzed for N, P, K, Ca, Mg, Mn, iron (Fe), boron (B), 
copper (Cu), Zn, Al, and sodium (Na). 
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RESULTS 
Soil Nutrients 
As mentioned previously, soil samples were taken at 
each planting date in 1979. The analyses of these samples 
are shown in Table 6. Since P and K fertilizers were applied 
in the fall and N was applied in the spring prior to soil 
sampling, the soil-test analyses reflect the addition of these 
fertilizers as well as the tillage which followed their ap­
plication. On the NT plots,these elements were concentrated 
near the surface in the 0-2.5 cm depth and were much less con­
centrated in the 2.5-5.0 and 5.0-7.5 cm depths. On the CT 
plots, N showed a similar distribution near the surface at the 
earlier samplings because mechanical incorporation had probab­
ly not exceeded a depth of 2.5 cm. In the later samplings, 
NOg levels were lower and less concentrated near the surface, 
suggesting that this mobile ion had probably moved down in 
the soil with water movement or had been lost by denitrifica-
tion. The concentration of P and K in the CT soils were 
slightly greater in the 7-l5 cm depth than in shallower depths, 
indicating that the surface application of fertilizer had been 
turned under by the plowing operation. The levels of these 
elements decreased only slightly with time. Sulfur and Zn 
showed some concentration near the surface on the NT plots, 
suggesting some release from the surface residue in the pre­
vious year. All of these nutrients appeared to be present in 
Table 5. Mean analysis of soil chemical properties in 1979 
Organic Buffer 
PD Till Depth NO3 K P S Zn matter PH pH 
cm ppm % 
1 CT 0-2.5 84.6 135 54 8.2 1.28 5.32 7.17 — 
2.5-7.5 72.6 125 55 7.4 1.40 5.32 7.02 7.05 
7.5-15.0 14.0 179 58 6.6 1.46 5.50 7.24 7.12 
NT 0-2.5 184.2 401 89 7.6 1.46 5.52 7.46 — 
2.5-7.5 23.9 87 78 6.6 1.40 5.28 7.22 7.10 
7.5-15.0 8.2 86 60 6.0 1.24 5.30 7.17 7.06 
2 CT 0-2.5 81.4 120 44 8.4 0.94 5.78 7.03 
2.5-7.5 38.6 110 44 8.0 1.00 5.58 7.10 7.07 
7.5-15.0 19.0 144 44 7.4 0.94 5.84 7.24 7.11 
NT 0-2.5 104.5 373 90 8.0 1.14 5.66 6.64 — 
2.5-7.5 27.2 223 51 6.0 1.04 5.48 6.96 7.03 
7.5-15.0 14.5 102 48 6.8 0.88 5.46 6.94 7.02 
3 CT 0-2.5 46.5 120 54 6.4 1.20 5 .16 6.75 — 
2.5-7.5 23.0 128 55 7.0 1.24 5.32 6.90 7.00 
7.5-15.0 23.4 190 65 6.2 1.24 5.58 6.98 7.04 
NT 0-2.5 26.0 348 78 5.0 1.18 5.88 6.85 — 
2.5-7.5 12.3 200 59 4.6 1.22 5.50 7.06 7.00 
7.5-15.0 13.0 94 59 3.4 1.16 5.42 6.88 6. 86 
4 CT 0-2.5 24.8 112 50 6.0 0.88 5.10 6.92 -
2.5-7.5 22.5 119 56 6.2 1.00 5.16 6.96 6.97 
7.5-15.0 19.5 167 62 6.6 1.08 5.50 7.01 7.04 
NT 0-2.5 28.5 332 112 6.2 1.28 5.40 6.60 __ 
2.5-7.5 15.1 215 80 5.2 1.20 5.44 6.48 6.70 
7.5-15.0 16.0 87 62 5.4 1.10 5.34 6.59 6.78 
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adequate quantities for satisfactory crop production. 
In 1980, soil samples were taken at only one depth, 0-
15 cm, which approximated the depth of plowing. The analysis 
of these samples is shown in Table 7. Consequently,; the 
possible concentration of nutrients near the surface under 
the NT system as compared to thé CT system could not be ob­
served. The levels of P and K appeared to be slightly higher 
on the NT plots than on the CT plots. Levels of NOg were not 
as high in early spring and did not drop as sharply with time 
as in 1979. This difference was probably related to differ­
ences in precipitation and soil moisture during the two sea­
sons. The measured nutrients again appeared to be present in 
sufficient quantities for crops. 
Plant Nutrient Composition 
According to Thompson and Troeh (1978), the following 13 
elements are considered to be essential elements for plant 
growth; N, P, K, Ca, Mg, S, B, chlorine (Cl), Cu, Fe, Mn, 
molybdenum (Mo), and Zn. All of these 13 elements were 
analyzed in the samples collected in this study except S, Cl, 
and Mo. Two elements considered nonessential to plant growth, 
A1 and Na, were also analyzed in these plant samples. Both 
of these elements are found in appreciable quantities in 
plants. The analyses for all of the samplings are shown in 
Tables lO and 11 in Appendix B. 
Plant nutrient concentrations of the essential elements 
Table 7. Mean analysis of soil chemical properties in the 0-i5 cm soil layer for 
1980 
Base saturation 
PD Till NO3 P K Ca Mg Ca Mg K CEC PH 
ppm meq 
1 CT 58.1 116 234 2563 414 48.4 13.0 2.32 25.2 5.44 
NT 46.3 192 222 2445 394 51.6 13.8 2.44 23.4 5.56 
2 CT 56.7 187 214 2813 458 50.4 13.6 2.08 27.6 5.44 
NT 67.3 214 250 2699 434 49.2 13.0 2.38 27.2 5.48 
3 CT 79.8 178 203 2572 399 48.5 12.8 2.02 25.0 5.38 
NT 72.3 208 223 2578 404 48.0 12.5 2.15 25.8 5.38 
4 CT 63.9 91 206 2487 406 49.6 13.4 2.10 25.0 5.38 
NT 60.3 167 241 2500 403 47.2 12.4 2.36 26.4 5.36 
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dia not appear to be in the deficient range for any element 
according to values commonly reported, although information 
is limited about the critical level of nutrients in young 
plants. Treatment might have shifted plant nutrient concen­
tration into the deficient range in some cases if the avail­
ability of soil nutrients had been low or marginal. 
Some of the differences observed in plant nutrient con­
centrations were not very consistent among samplings and 
years, and are difficult to explain. These variations may 
have been related to small plant growth differences at sampling 
time, to soil moisture and temperature differences prior to 
sampling, or to other interacting factors. However, observa­
tion of the data indicates some trends and the statistical 
analyses shown in Tables 12 and 13 in Appendix C show some 
definite measurable differences due to the imposed treatments. 
The statistical analyses show that both the tillage and 
ground cover treatments significantly influenced the concen­
tration of each of the 12 measured nutrients in at least one 
of the 15 possible comparisons (2 samplings, 4 planting dates, 
2 years). Tillage x ground cover interaction effects were also 
significant for each nutrient in at least one set of samples. 
Planting date apparently had much less effect on nutrient 
concentration than either tillage or ground cover. 
In the following discussion,most of the elements will be 
considered individually because of the variable effect of 
treatment on each nutrient. Mean effects of tillage and ground 
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cover can be found in Tables 8 and 9. 
The influence of tillage and ground cover on N concen­
tration in the plant samples was small and not very consistent. 
The N percentages varied some with PD and tended to be slightly 
higher in plants from the mulched plots. Since a rather heavy 
rate of N fertilizer was applied to the experimental area just 
prior to the first planting, treatment effects were probably 
masked somewhat by the high concentration of N near the 
surface of the soil. 
Phosphorus levels tended to be higher in the plants from 
the NT plots than from the CT plots, particularly at the first 
plant sampling. In 1980, the P concentration averaged 16% 
higher in the NT samples at leaf stage 4. Mulching did not 
seem to have any consistent influence on plant P concentration. 
Tillage did not have much influence on plant K levels at 
leaf stage 4, except for PD 4 in 1979. However, at leaf stage 
6, K concentrations were lower in the plants grown under NT 
at all planting dates in both 1979 and 19 80. In 1979, the 
average concentration of K at this stage was 4.87% and 4.36% 
for the CT and NT systems, respectively. Comparable values in 
19 80 were 4.54% and 4.17%. Thus, in both years the plants from 
the NT plots only contained about 90% as much K as those from 
the CT plots. Casanova (1977) and others have also observed 
this tendency for corn plants to contain less K when grown in 
a NT system in the North Central states. Casanova continued 
to plant sample throughout the growing season and noted that 
Table 8. Mean effects of tillage on plant nutrient concentration at leaf stages 
4 and 6 averaged over both years 
% advantage of 
ÇT NT CT over NT 
Element 4 5 4 6 4 5 
N, % 4.17 3.74 4.26 3.78 — 2. l6 -1.07 
K, % 4.20 4.70 4.26 4.26 -1.43 9.36 
P, ppm 5102 5273 5558 5220 -8.94 1.00 
Ca, ppm 7862 6376 7165 6394 8.86 -0.28 
Mg, ppm 3051 2872 3165 3413 -3.74 -18. 84 
Mn, ppm 90.54 76.46 76.52 66.06 15.48 13.60 
Fe, ppm 838 345 674 305 19.57 11.59 
B, ppm 10.90 11.01 10.53 10.78 3.39 2.09 
Cu, ppm 8.01 8.80 8.95 9.20 -11.74 -4.54 
Zn, ppm 39.35 33.34 35.79 31.74 9.05 4.07 
A1, ppm 989 352 800 308 19.11 12.50 
Na, ppm 42.63 35.06 43.63 32.04 -2.34 8.61 
Table 9, Mean effects of ground cover on plant nutrient concentration at leaf 
stages 4 and 6 averaged over both years 
% advantage of 
Bare Mulch bare over mulch 
Element 4 5 4 5 4 5 
N, % 4.18 3.72 4.25 3.80 -1.57 -2.15 
K, % 4.24 4.50 4.22 4.48 0.47 0.44 
P, ppm 5412 5250 5248 5244 3.03 0.11 
Ca, ppm 7354 5412 7557 535 8 -4.11 0.84 
Mg, ppm 3115 3205 3100 3079 0.48 3.95 
Mn, ppm 85.53 72.72 81.58 70.36 4.62 1. 87 
Fe, ppm 850 350 654 300 21.88 14.28 
B, ppm 10.90 11.15 10.54 10.55 3.30 4.48 
Cu, ppm 8.88 9.44 8.08 8.57 9.01 9.22 
Zn, ppm 35.38 33.42 38.72 31.55 -6.43 5.27 
A1, ppm 1008 359 785 301 22.12 16.15 
Na, ppm 44.65 35.10 41.55 32.00 5.74 8.83 
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the spread in K content of plants grown under the two systems 
became greater as the season progressed. No explanation has 
been offered for this influence of tillage on K absorption. 
It seems likely that this reduced uptake of K could result 
in yield reductions on soils with marginal levels of K and 
in dry seasons. 
Only small inconsistent differences in K percentages were 
noted for ground cover treatments. This would suggest that 
the reduced K uptake associated with NT is probably associated 
with soil factors other than temperature and moisture. 
In both years,the concentration of Ca was less in NT 
plants than in CT plants at leaf stage 4, averaging 9% less. 
This difference largely disappeared by leaf stage 6. Mulching 
seemed to have little influence on Ca uptake in 1979. In 
19 80, mulching tended to increase the level of Ca in the 
plants, particularly at leaf stage 4, 
The plants grown under NT contained a higher concentra­
tion of Mg, particularly at leaf stage 5. The average in­
crease in Mg content under NT compared to CT amounted to l8.8% 
and 12.4% in 1979 and 19 80, respectively. Since Mg absorption 
by plants is often inversely related to K absorption, it may 
be that the increase in Mg was associated with the lower plant 
K content found under the NT system at leaf stage 6. 
Mulching did not seem to have a consistent influence on 
Mg absorption in 1979. In 1980, mulching tended to favor 
Mg uptake on the CT plots but decrease it on the NT plots. 
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The absence of tillage and the addition of mulch gener­
ally decreased the concentration of Fe and Mn in plants at 
both samplings. The concentration of Fe in the plant samples 
averaged 14% less in 1979 and 17% less in 1980 for NT compared 
to CT treatments. Mulching reduced the Fe content of plants 
by 16% in 1979 and 32% in 1980. Similar comparisons for Mn 
showed 7% less Mn in 1979 and 20% less in 1980 in the NT 
samples. Mulching caused a 3% reduction in Mn content in 
1979 and a 7% decrease in 19 80. On soils where Fe and Mn de­
ficiency problems occur, the deficiency is often most severe 
in early season and is commonly associated with cool wet soil 
conditions. The results observed in this study agree with the 
latter generalization, since both NT and mulching caused lower 
soil temperature and higher soil moisture levels. 
The concentration of Cu in the plants was affected very 
little by tillage or mulch in 1979. However, in 1980, Cu 
levels were higher under NT and lower under mulching. 
Boron concentrations seemed to be influenced by planting 
date, with samples from the later plantings containing lers. 
In 1980, NT and mulching tended to reduce B levels in the 
plants, particularly in the late plantings. 
Tillage had little effect on the Al concentration in the 
plants but mulching did reduce the plant Al content in prac­
tically all comparisons. Aluminum concentrations were lower 
at leaf stage 6 than 4 and tended to be less for the later 
plantings. 
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Concentrations of Zn and Na in the plants did not show 
definite trends with respect to tillage and ground cover 
treatments. 
In general, plant nutrient concentrations were observed 
to be affected by tillage and ground cover. Examination of 
the main effects of tillage shows that plant concentrations of 
K, Ca, Fe, Mn, and B were lower on NT than on CT. Of these 
five nutrients, only Mn and B had lower concentrations in the 
plants on mulched as compared to bare soils. Further, A1 con­
centration in the plant was lower on mulched than on bare 
soil, but was not affected by tillage. The concentrations of 
Cu, P, and Mg were greater on NT than on CT, but of these, 
only Cu was affected by ground cover, being lower on mulched 
than on bare soil. 
Boron was the only nutrient which seemed to be greatly 
influenced by time of planting. The B levels of plants were 
reduced by NT and mulch at the late planting dates, but not 
at the early dates. This would indicate that the differences 
in temperature associated with planting date had little in­
fluence on the absorption of the other nutrients. 
Differences in nutrient uptake due to tillage might have 
been greater if the NT plots had been managed under this sys­
tem for a longer period of time prior to this study. With 
additional time, more distinct stratification of nutrients 
would have developed in the soil as a result of surface fertil­
izer placement and release of nutrients from plant residue. 
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GENERAL DISCUSSION 
The present trend is toward reducing the amount of till­
age used in row crop production in order to leave more crop 
residue on the soil surface for erosion control. When the 
amount of tillage and residue cover vary simultaneously, it 
is difficult to determine which of these factors is responsi­
ble for any advantage or disadvantage found in a particular 
tillage system because both influence many of the same environ­
mental properties of the soil. Past research comparing no-
tillage with conventional tillage systems or studying mulch 
versus no mulch on uniformly tilled soil has not provided 
this information. Such knowledge would be useful and would 
provide a basis for developing better practical methods of 
tillage. 
It was thought that the experimental design used in this 
study might provide a means for isolating and measuring the 
relative effect of tillage and mulch on some soil properties 
and on the related early growth and chemical composition of 
the plants. The treatments included no-tillage (NT) and 
conventional tillage (CT) systems, each with and without 
mulch. Treatments without mulch are referred to as bare. 
Four planting dates (PD) at three-week intervals were in­
cluded to insure a range in soil temperature at planting time. 
Since the mulch for the mulched portion of the CT plots was 
obtained by transferring the crop residue from halves of 
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adjacent NT plots just prior to planting, some bias may have 
been introduced into the mulch effects. It is possible that 
the mulch may have had some effect on the NT plots prior to 
removal and may not have exerted full effect on the CT plots. 
The mulching was handled in this manner to allow the CT plots 
to receive a final tillage just prior to planting. 
Since the plant residue for mulching was obtained from 
the preceding crop on the land, it was necessary to use soy­
bean plant residue in 1979 and corn plant residue in 1980. 
Consequently, the quantity and nature of the mulch differed 
greatly in the two seasons. It would have been desirable to 
have used corn residue both years. 
Early-season weather conditions were also quite different 
for the two years. Rainfall was well above average during 
the spring of 1979 and wet soil conditions delayed the first 
planting until 8 May. Above-normal rainfall continued through 
the later plantings, and although soil moisture samples were 
only collected at planting time in 1979, it seems likely that 
the general wet conditions may have reduced the effects of 
treatment on soil temperature and moisture. Very dry condi­
tions during April and May of 1980 caused some problems with 
the first two plantings. The lack of soil moisture at plant­
ing time probably contributed to some delay and unevenness in 
emergence. The later plantings were made under more favor­
able conditions. Average values for soil moisture samples 
taken twice weekly for six weeks following each planting did 
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not show large moisture differences between tillage treatments 
within a planting date. The soil moisture percentage for the 
0-15 cm depth averaged 19.87% under the bare soil compared to 
22.03% under mulch on the NT plots. Mulch had no effect on 
moisture on the CT plots which probably reflected the late 
application of mulch to these plots. 
Despite the large difference in type and quantity of 
mulch and in weather condition between the two seasons, some 
overall trends and definite differences did emerge with re­
gard to treatment effects. In general, soil temperatures were 
reduced by the presence of mulch and were independent of till­
age. In 1979, soil temperature, as reflected by AGDU, was 
not influenced by tillage and was significantly reduced by 
mulching at only the first planting date. In 1980, the AGDU 
values for NT were significantly lower than for CT at two 
samplings, but the magnitude of difference was considerably 
less than the differences attributable to mulch. Mulching 
decreased the AGDU at all of the planting dates, with three 
of the four being significantly lower. 
Rate of seedling emergence and early-season plant growth 
tended to reflect the temperature effects mentioned above. 
Treatments that reduced soil temperature were associated with 
reduced emergence rate and early-season plant growth. The 
growth effects were conditioned by two things, the size of the 
difference between the two treatments and the actual tempera­
ture. At lower temperatures, the effect of a unit temperature 
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difference will be greater than at higher temperatures. 
Plant population at harvest was closely related to seedling 
emergence. It appeared that other factors besides temperature 
tended to reduce the rate of seedling emergence and plant 
population. One of these factors may have been poorer contact 
of the seed with the soil as a result of mulch interference 
with seed placement. Further evidence of temperature effect 
on plant growth was confirmed by the fact that mulching in­
fluence on growth was less at the later planting dates when 
AGDU values were larger on all treatments. 
In general, mulching exerted a greater influence than 
tillage did on early-season plant growth. This effect of 
mulching could be explained in most instances by associated 
temperature differences, but some exceptions to this rela­
tionship were noted. It is entirely possible that plant 
growth was influenced by other unmeasured effects of mulch. 
The mechanical impedance of mulch on planting, the leaching 
of phytotoxic compounds from mulch, and other unknown factors 
may have been influential. 
The chemical composition of early-season plant samples 
varied some with the time of sampling and did not appear to 
be related to growth differences. Statistical analyses of the 
chemical data indicated that mulching lowered the concentration 
of Mn, Fe, Cu, B, and A1 in at least one plant sampling. The 
lower concentration of these nutrients may have been related 
to the lower AGDU values associated with mulching. Concen­
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trations of K, Ca, Fe, Mn, and B were lowered to some extent 
in plants grown under NT as compared to CT. One can only 
speculate as to whether tillage-induced changes in soil 
aeration, compaction, or other soil characteristics were 
responsible for these lowered nutrient concentrations. Sev­
eral researchers have reported that the factors mentioned 
above are closely related to plant nutrient content (Parker 
and Larson, 1965; Hope, 1960; Arnon, 1975; Sherman and 
Fujimoto, 1946). Even with the observed reductions in plant 
nutrient concentration, there appeared to be a sufficiency of 
all the measured elements in the plants for normal growth. 
None of the imposed treatments or the resultant early-
season growth differences affected the yield of plant dry 
matter or grain at crop maturity. The influence of early-
season growth retardation on final yield can be overshadowed 
by the prevailing growing conditions during the latter part 
of the season. 
It can generally be concluded from this two-year study 
that tillage and mulching did influence the early-season 
growth and chemical composition of corn plants. Mulching 
exerted the largest effect and tended to delay seedling emer­
gence and early growth. This influence was largely related 
to a reduction in AGDU associated with mulching. It seems 
possible that differences due to tillage might have been 
accentuated if the experimental area had had a longer previous 
history of NT. 
60 
Since these differences were not reflected in grain 
yields, one can only conclude that the two tillage systems 
did not differ in effectiveness under the conditions of this 
research. Some researchers in northern states have reported 
lower yields under reduced tillage (Erbach et al., 1980; 
Buchele et al., 1955; Kelly, 1977). However, it is general 
knowledge that any tillage or cultural system interacts with 
weather and environmental conditions and different results 
could be obtained in additional tests. 
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GENERAL SUMMARY 
The objectives of this study were: (l) to identify and 
measure the effects of tillage and ground cover on the early 
growth of corn, (2) to determine whether differences in corn 
growth were related to soil temperature or to other factors 
associated with the soil condition or the mulch, and (3) to 
determine the influence of tillage and mulch on the concen­
tration of nutrients in young corn plants. The variables in 
the experiment included: (l) two tillage systems, convention­
al tillage and no-tillage; (2) two ground covers, bare and 
mulch; and (3) four planting dates. Temperature at the 5 cm 
depth, chemical properties, and moisture levels were among 
the soil properties measured. Emergence, plant height.and dry 
weight at leaf stages 4 and 6, nutrient concentration, dry 
matter, and grain yield were among the plant characteristics 
measured. 
The initial hypothesis was that on mulched soils AGDU 
would be lower, emergence would be slowed, and early corn 
growth would be retarded. These effects would be greater 
with earlier planting. It was also proposed that mulching 
and NT would reduce plant nutrient concentrations which would 
affect plant growth at all planting dates. 
Results of this investigation support the hypothesis. 
It was found that mulched soil had lower AGDU than bare soil 
and that the difference in AGDU between NT and CT was not 
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significant. Corn emergence was slower on mulched soil than 
it was on bare soil. The difference in time required for 
emergence was reduced with later planting dates and increas­
ing AGDU. Final plant stand was either unaffected by ground 
cover or was somewhat reduced on mulched soil. Both plant 
height and dry weight were reduced significantly on mulched 
soil at both leaf stages in the early planting dates. In the 
later planting dates, treatment differences as measured by 
plant height and dry weight were not as great. Corn grain 
yield and dry matter yield were influenced very little by 
ground cover or tillage. In general, early plant growth was 
reduced on mulched soil as compared to bare soil, while early 
plant growth was not significantly different between NT and 
CT. Plant growth was retarded more by mulch at the earlier 
planting dates. 
Plant nutrient concentrations were affected by both till­
age and ground cover. Concentrations of K, Ca, Fe, Mn, and 
B were lower to some extent in plants grown under NT as com­
pared to CT. Manganese, B, Al, and Cu concentrations were re­
duced to some extent in plants on mulched as compared to bare 
soil. Only one element, B, showed a difference between treat­
ments that was related to planting date. Boron was reduced 
on NT and on mulch at the late planting dates, but not at the 
early planting dates. 
It appeared that early plant growth was affected con­
siderably by AGDU. At planting dates with low AGDU, the 
63 
difference in early plant growth between mulched and bare 
soil was greater than it was at planting dates with higher 
AGDU. Differences in plant nutrient concentrations caused 
by tillage or mulching generally were not significantly re­
lated with planting date. Significant differences in plant 
nutrient concentration were caused by both tillage and ground 
cover, while differences in early plant growth were only 
associated with ground cover. In the soil temperature range 
encountered, factors related to the tillage or mulch other 
than soil temperature seemed to have a considerable influence 
on plant nutrient concentrations. If nutrient concentrations 
in the plant had been nearer to deficient levels, plant growth 
might have been influenced by some of the observed reductions 
in nutrient concentrations. 
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APPENDIX A. MATERIALS AND METHODS OF TEMPERATURE 
MEASUREMENT AND PREDICTION 
OF MISSING GDU VALUES 
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Temperature Measurement 
Temperatures were monitored with a Trendscan lOOO Data 
Acquisition System manufactured by the Leeds and Northrup 
Company. Thermocouple readings were recorded on both paper 
and cassette tape. Information on the cassette tapes was 
read into the University computer for analysis. Polyvinyl 
insulated 20-gauge copper-constantan wire was used in the 
thermocouple. The thermocouples were made by stripping about 
1 cm of insulation off the ends of both wires, twisting the 
bare wires tightly together with a pliers, and tacking them 
with silver solder to hold them together. The thermocouples 
were trimmed so that about 0.5 cm of bare wire was exposed. 
They were dipped in fast-drying epoxy to coat and protect 
them. The accuracy of the thermocouples was determined by 
dipping them in an ice bath at 0 C and allowing time to 
stabilize. The mean temperature recorded by the 120 thermo­
couples was -0.09 C with a standard deviation of 0.26 C. 
The Trendscan had two remote input frames to which the 
thermocouple wires were connected. One frame was located 
between field replications 1 and 2 and contained thermocouple 
connections for those replications. The second frame was 
located between replications 3 and 4, and contained connec­
tions for replications 3, 4, and 5. There was one thermo­
couple on each wire; therefore, there were three wires to each 
treatment being monitored. The wires were installed immedi­
ately after planting and remained in the plot for six "weeks. 
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The planting dates were at three-week intervals, allowing the 
wires to be removed from the first planting and installed in 
the third planting. Likewise, ti.'C wires in the second plant­
ing were removed after six weeks and installed in the fourth 
planting. 
Thermocouples were installed in the center two rows of 
the eight-row plots. Two thermocouples were installed in 
one row, at 4.5 and at 7.5 m from the boundary between the 
mulch and bare split in the center of the tillage plot. In 
the other row, a thermocouple was installed at 5 m from the 
boundary. All thermocouples were installed in the row at a 
depth of 5 cm. A mark was made on the thermocouple wire 5 cm 
from the thermocouple. Then.' a stiff wire about the same size 
as the thermocouple wire was inserted in the soil to the 5-cm 
depth. As the stiff wire was retracted, the thermocouple 
wire was immediately inserted into the hole to the 5-cm mark. 
This hole provided a guide for the thermocouple wire to be 
inserted and still allowed good soil contact with the thermo­
couple. 
Prediction of Missing GPU Values 
In both 1979 and 19 80, there were several days throughout 
the summer for which soil temperatures were not recorded. It 
was necessary to predict values for these days to calculate 
the AGDU for a treatment. Soil temperature data recorded at 
the weather station on the Agronomy Research Center were used 
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to calculate a standard GDU (FGDU) which was used as a basis 
for predicting the missing GDU. 
The weather station was located approximately one mile 
west of the plot site. The soil temperature at the station 
was monitored at a depth of 5.7 cm (2.25 in.), compared with 
5 cm in the plots. The soil surface above the point being 
monitored was kept free of vegetation. 
Several models using linear regression were studied in 
an attempt to accurately predict the missing values. The 
following discussion applies to both years of the experiment. 
In all models, GDU was the dependent variable and FGDU was the 
independent variable. The first model included an intercept 
and a slope for each replication x planting date x tillage x 
ground cover (REP x PD x TILL x GC) combination. This amounted 
to 80 intercepts and slopes because there were five replica­
tions, four planting dates, two tillage treatments, and two 
ground cover treatments. It was observed that the five slopes 
within each of the PD x TILL x GC combinations were very 
similar, but the intercepts were different. Therefore, a 
second model was developed. It contained five intercepts, 
one for each REP, and only one slope for each PD x TILL x GC 
combination, or a total of 80 intercepts and 15 slopes. This 
model was not found to be significantly different from the 
first model. A third model with only one intercept and one 
slope for each PD x TILL x GC combination was developed, but 
models 1 and 2 were significantly better in some cases. Model 
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2 was adopted for use because it was simpler than model 1. 
The model used to predict the missing values is a very 
simple one with only one independent variable, FGDU. However, 
by using this parameter, several other factors are taken into 
account, such as air temperature, solar radiation, and soil 
moisture, because they affect FGDU and GDU similarly. The 
second consideration was that this model would be used only 
to predict the GDU values for a limited number of days 
throughout the summer. When GDU values were missing, all the 
values for that day were missing, so all treatments within a 
planting date had the same number of missing values. 
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APPENDIX B. DATA FROM PLANT NUTRIENT ANALYSES 
Table lO. Mean nutrient concentrations in plant samples 
collected in 1979 
Ground Leaf 
PD Till cover stage N K P Ca 
—  ^ — — pp[T\ — — 
1 CT Bare 4 3.87 2.98 4964 10131 
Mulch 4 4.25 3.11 4895 10565 
NT Bare 4 4.21 3.45 5708 9225 
Mulch 4 4.36 3.54 5711 9947 
2 CT Bare 4 4.12 4.38 5866 8606 
Mulch 4 3.97 4.35 6096 8621 
NT Bare 4 4.18 4.72 5750 7360 
Mulch 4 4.02 4.40 5678 7618 
3 CT Bare 4 4.27 4.09 6743 9930 
Mulch 4 4.35 4.23 6528 9699 
NT Bare 4 4,56 4.39 7120 9572 
Mulch 4 4.75 4.57 6655 9464 
4 CT Bare 4 3.77 4.07 6031 8054 
Mulch 4 3.85 4.27 6097 7767 
NT Bare 4 4.05 3.72 5904 7363 
Mulch 4 4.02 3.83 5475 7289 
1 CT Bare 6 3.39 4.54 5755 7262 
Mulch 6 3.54 4.30 5182 7443 
NT Bare 6 3.55 3. 87 5292 7875 
Mulch 6 3.59 3.80 5298 7526 
2 CT Bare 6 3.44 4.83 5666 7081 
Mulch 6 3.30 4. 86 5696 6911 
NT Bare 6 3.50 4.36 5229 7345 
Mulch 6 3.30 4.33 5420 6582 
3 CT Bare 6 3.62 5.04 6128 7821 
Mulch 6 3.73 5.04 6376 7028 
NT Bare 6 3.77 4.76 6294 7252 
Mulch 6 3.78 4.69 5781 7242 
4 CT Bare 6 3.49 5.28 6613 7705 
Mulch 6 3.62 5.04 6648 7767 
NT Bare 6 3.70 4.62 6776 7798 
Mulch 6 3.66 4.46 6241 7980 
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Mg Mn Fe B Cu Zn A1 Na 
3600 87.9 146 8 9.2  8.2 30.0 1735 36.4 
3517 79.5 1166 8.9 8.2  3418 1471 37.7 
3399 79.0 1206 9.0 9.5  32.6 1506 41.9 
3632 78.1 983 8.4 9.2 33.6 1239 37.0 
3366 70.3 822 13.2 8.0 30.1 1096 31.2 
3324 71.7 883 13.5 7.8 31.3 1147 31.6 
3251 67.9 752 13.5 7.0  32.1 1014 30.7 
3397 66.4 672 12.9 7.4 30.9 860 22.1 
3017 100.9 1595 7.9  10.1 35.5 1916 39.6 
3070 92.7 1426 7.6 9.2 42.3 1747 38.4 
3178 87.2 1294 7.6 10.0 40.6 1569 38.9  
3434 93.8 1009 7.1 10.8 45.5 1292 39.5 
2560 80.0 1422 9.8 8.1 30.1 1755 40.5 
2537 83.0 1180 10.4 7.3 30,6 1443 36.4 
3286 78.1 1078 10.5 7.0 32.3 1321 31.1 
3135 70.3 788 10.1 7.1 34. 8 938 24.0 
3220 73.5 845 13.8 10.2 21. 8 908 58.7 
3192 64.3 610 13.0 9.3  23.8 648 50.1 
3987 69.9 652 12 .3 9.9 26.0 6 89 40.0 
3819 65.5 591 12.4 9.0 25.7 628 42.1 
3033 69.5 274 10.5 9.5 24.0 2 89 26.9 
2970 65.2 238 10.1 8. 8 21.4 276 19.0 
3813 63.1 295 11.0 8.8 27.4 293 28.4 
3360 62.4 387 10.9 9.1 26.0 391 31.9 
2609 76.1 303 10.6 10.0 24.4 335 34.4 
2678 66.9 267 10.0 9.4 24.8 265 33.4 
3201 58.6 254 10.0 9.7 25.7 263 22.3 
3190 66.3 233 9.6 9.5 27.2 226 24.5 
2969 67.0 519 10.1 10.3 23.8 556 49.1 
3172 66.7 464 9.7 9.5 23.0 482 41.1 
4223 64.9 410 10.0 9.5 25.6 442 44.7 
3774 61.5 419 9.4 8.9 26.0 536 38.0 
Table 11. Mean nutrient concentrations in plant samples 
collected in 1980 
Ground Leaf 
PD Till cover stage N K P Ca 
1 CT Bare 4 3.91 3.93 3919 6178 
Mulch 4 3.88 3.83 3166 7050 
NT Bare 4 3.73 3.56 4318 5 810 
Mulch 4 3.98 3.78 4159 6455 
2 CT Bare 4 4.03 4.52 4572 6266 
Mulch 4 4.22 4.33 4852 7401 
NT Bare 4 4.05 4.61 5012 5745 
Mulch 4 4.09 4.39 5490 6049 
3 CT Bare 4 4.76 4.99 5182 6334 
Mulch 4 4.57 4.68 4165 7088 
NT Bare 4 4.64 4.97 5 832 6115 
Mulch 4 4.64 4.74 5779 6414 
4 CT Bare 4 4.47 4.78 4427 5 771 
Mulch 4 4.51 4.69 4145 6331 
NT Bare 4 4.34 4.53 5241 5072 
Mulch 4 4.55 4.80 5076 4914 
1 CT Bare 6 3.76 4.67 4537 5045 
Mulch 6 3.92. 4.60 4874 5712 
NT Bare 5 3.86 4.38 4648 5202 
Mulch 6 4.23 4.57 5576 5 807 
2 CT Bare 6 3.91 4.43 45 87 5476 
Mulch 5 4.03 4.13 4389 5663 
NT Bare 6 3.86 4.08 4441 5545 
Mulch 6 4.19 4.22 4866 5555 
3 CT Bare 5 4.16 4.91 5145 5234 
Mulch 6 4.20 4.58 4647 5257 
NT Bare 6 4.09 3.90 4667 5386 
Mulch 5 4.05 4.20 4786 5126 
4 CT Bare 6 3.82 4.57 4200 5189 
Mulch 5 3.92 4.42 3930 5422 
NT Bare 5 3.67 3.66 4015 5370 
Mulch 6 3.73 4.38 4203 4705 
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Mg Mn Fe B Cu Zn A1 Na 
3114 88.7 568 11.8 7.9 37.7 649 58.5 
2856 86.2  427 12.4 6.1 43.8 462 46.6 
3109 78.9 737 12.3 9.4  36.3 820 49.6 
2852 66.8 353 12.0 9.0  38.4 383 80.7 
3069 94.0 419 15.4 7.7 35.6 415 45.0  
3225 97.2 270 15.2 6.2  34.5 258 50.4 
3329 81.7 301 14.3 9.4 41.0 314 51.7 
2987 75.4 210 14.0 7.4 32.0 200 34.8 
2999 99.6  403 10.1 10.0 45.8 398 61.9 
3095 100.8 360 9.2 7.7 76.1 322 49.4 
3249 88.9 376 10.2 10.3 40.8 36 8 53.1 
3077 70.9  278 9.0  8.9 31.4 233 62.9 
2553 112.4 635 10.2 8.5 47.8 678 51.0 
2920 103.6 362 9.4  7.2 43.4 331 27.4  
2878 72.2  503 9.3 10.6 33.5 530 52.1 
2533 68.8  260 8.4  9.8 36.1 233 45.5 
2854 91.5 441 11.4 7.6 44.6 481 53.1 
2985 105.9 456 12.0 7.0 44.9  476 51.1 
3309 82.3  383 12.9 9.7 40.0 425 48.1 
3133 86.4 265 12.2 9.0 41.3 266 42.0 
3060 81.6 331 10.5 7.3 41.3 354 31.3 
3088 75. 8 218 10.8 6.5 33.6 211 20.5 
3593 69.7  288 10.9 9.7  39.9  301 32.4 
3158 61.5 159 11.0 7.7 34.3 132 25.9 
2578 83.7  133 12.4 10.3 49.0 74 21.9 
2807 80.7 134 10.8 9.3 48.9 71 17.4 
3280 71.4 152 11.2 10.4 40.5 96 15.8 
2 873 58.6 125 10.0 8.5 32.5 64 17.3 
2283 79.7 159 11.0 8.4  45.0 122 28.3 
2464 75.3 127 9.4  7.2 39.1 74 24.5 
3292 61.0 152 9.6 9.6 35.9 111 26.0 
2601 62.6  119 9.0 8.3 34.1 65 33.1 
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APPENDIX C. STATISTICAL ANALYSES 
Table 12. Mean square values for plant nutrient concentra­
tion data at leaf stages 4 and 5 in 1979 
N P 
PD Source DF 4 6 4 6 
xlOOO xlOOO 
1 Till 1 0.7393 0.1750 9138 450 
Error A 4 0.4805 0.1643 3012 1745 
GC 1 1.0774** 0.1382** 17 1207* 
Till X GC 1 0.2018* 0.0470 20 1267* 
Error B 8 0.0469 0.0156 163 219 
2 Till 1 0.0505 0.0144 1071 1909 
Error A 4 0.0767 0.2900 8135 2334 
GC 1 0.3557** 0.4084** 94 183 
Till X GC 1 0.0002 0.0144 343 98 
Error B 8 0.0142 0.0204 174 96 
3 Till 1 1.7957* 0.1382 952 691 
Error A 4 0.2143 0.3312 1396 4460 
GC 1 0.2940** 0.0540 1735** 264 
Till X GC 1 0.0470 0.0317 235 2170** 
Error B 8 0.0200 0.0192 187 128 
4 Till 1 0.7393* 0.2233 2099 224 
Error A 4 0.0557 0.0545 452 266 
GC 1 0.0086 0.0290 494 937 
Till X GC 1 0.0437** 0.1162** 922* 1222* 
Error B 8 0.0045 0.0114 220 298 
* and ** indicate 5% and 1% levels of significance, 
respectively. 
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K Ça Mg: 
4 6 4 6 4 6 
X 10,000 X 10,000 X 10,000 X 10,000 X 1000 X 1000 
30150 52123* 873 182 27 7283* 
4965 3397 1591 218 339 810 
1590 3903* 502** 11 83 143 
37 1082 31 106* 373* 74 
500 773 39 21 74 121 
5769 37171** 1898 2 7 5132* 
7062 1666 658 125 244 361 
4835** 1 28 326** 40 1002* 
3526** 117 22 132* 134 572 
340 203 17 21 54 150 
15474 16109 132 47 1038 4569* 
4414 4041 636 58 575 317 
3852* 58 43 242** 357* 13 
76 77 6 230** 153 24 
808 317 55 24 69 104 
23510** 57820 512 35 6574* 12920 
1108 9392 540 296 660 2267 
3374** 5258** 49 22 114 227 
406 208 17 5 61 1599** 
383 25 8 22 17 131 126 
Table 12. (Continued) 
Na Mn 
PD Source DF 4 6 4 6 
1 Till 1 87.05 2654.1 396.4 21.6 
Error A 4 381.37 847.8 548.2 881.1 
GC 1 47.36 161.6* 325 .0 693.4** 
Till X GC 1 144.99* 429.3** 210.4 87.2 
Error B 8 22.76 23.2 108.5 61.2 
2 Till 1 379.51 774.1 222.3 318.1 
Error A 4 60. 89 337.8 211.8 448.6 
GC 1 256.84** 71.5 0.1 92.5 
Till X GC 1 300.25** 497.7** 31.5 47.3 
Error B 8 5.99 26.4 16.3 52.7 
3 Till 1 0.91 1648.4 604.1  1213.1 
Error A 4 203.69 227.7 288.3 443.3 
GC 1 1.57 5.3 9.8 8.7 
Till X TC 1 11.99 39.8 822.3** 1066.7** 
Error  B 8 8.91 51.9 92.6 81.4 
4 Till 1 1766.16* 214.5 808.3 204.0 
Error A 4 185.11 653.6 113.7 557.1 
GC 1 468.89**  806.0** 87.3* 50.1 
Till X TC 1 32.46* 5.4 432.7** 33.6 
Error B 8 5.22 20.5 14.4 29.2 
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Fe B_ Çu 
4 6 4 6 4 6 
X 100 X lOO 
7432 16 85 2.46 15.606 20.114 0.960 
8722 588 7.21 2.701 19.715 21.708 
10343** 3320** 3.00** 1.838 0.374 12.069** 
230 1135** 0.45 3.342 0.061 0.013 
5 84 103 0.24 2.034 0.870 1.412 
2978* 1082 0.38 5.897 6.754 0.693 
147 420 14.60 0. 822 20.271 23.928 
14 118 0.22 1.184 0.052 0.732 
750** 613* 2.60 0.481 1.134 4.587* 
64 92 0.93 0.104 0.921 0.989 
19332 256 2.61 3.499 8.059 0.030 
8056 629 2.07 0.669 36.440 32.053 
7729** 118** 2.09** 3.557** 0.036 2.485 
508 9 0.11 0.030 10.812** 0.582 
297 3 0.13 0.094 0.503 1.113 
20258** 887 0.60 0.536 5.766 7.841 
451 155 1.16 1.345 13.235 18.271 
10621** 83* 0.07 4.040** 2.166* 6.916** 
86 151** 3.37** 0.045 3.229* 0.004 
335 15 0.38 0.062 0.507 0.374 
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Table 12. (Continued) 
Zn m 
PD Source DF 4 6 4 6 
X 100 
1 Till 1 7.33 140.45 796262 2147 
Error A 4 391.34 29.91 1145211 800 
GC 1 125.24* 10.28 105 8150** 3844** 
Till X TC 1 55.93 18.88 38 1476** 
Error B 8 21.61 5.66 90969 139 
2 Till 1 8.76 224.53 508392* 532 
Error A 4 148.84 92.32 33602 794 
GC 1 0.01 59.34* 39158 258 
Till X TC 1 20.46 4.04 157593** 462 
Error B 8 10.50 11.03 11689 120 
3 Till 1 258.09 49.69 2409609 471 
Error A 4 613.53 171.19 976729 272 
GC 1 509.83** 12.10** 744597** 427** 
Till X TC 1 13.20 4.91 42773 41 
Error B 8 41.01 1.62 36973 11 
4 Till 1 148.08 81.22 3310681** 135 
Error A 4 270.92 98,14 67063 351 
GC 1 35.11** 0.59 1810301** 14 
Till X TC 1 14.94* 6.01 18375 1054** 
Error B 8 2.09 5.34 51197 23 
Table 13. Mean square values for plant nutrient concentra­
tion data at leaf stages 4 and 6 in 19 80 
N P 
Source DF 4 6 4 6 
X 1000 x~ioo 
Till 1 0.0084 0.2142 2424* 8270 
Error A 4 0.0255 0.0302 237 5663 
GC 1 0.0551* 0.3618** 1037** 19977* 
Till X GC 1 0.0994** 0.0594* 441* _ .4366 
Error B 8 0.0078 0.0097 43 1784 
Till 1 0.0140 0.0146 1455 1373 
Error A 4 0.0136 0.0162 961 3967 
GC 1 0.0708 0.2464 718* 644 
Till X GC 1 0.0266 0.0541 49 4845 
Error B 8 0.0160 0.0199 126 1247 
Till 1 0.0031 0.0616 6409** 1428 
Error A 4 0.0188 0.0102 121 966 
GC 1 0.0451 O.OOOl 1430 1816* 
Till X TC 1 0.0414 0.0008 1162 4731** 
Error B 8 0.0463 0.0054 282 252 
Till 1 O.OllO 0.1479** 3807* 98 
Error A 4 0.0188 0.0022 371 627 
GC 1 0.0832 0.0320 249 82 
Till X GC 1 0.0378 0.0020 17 2622* 
Error B 8 0.0254 0.0142 55 385 
* and ** indicate 5% and 1% levels of significance, 
respectively. 
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K Ça Ma 
4 6 4 6 4 6 
; 10,000 X 10,000 X lOOO X 100 X 1000 
2213*  1316 1157 790 101 453* 
233 1657 188 1053 155708 50 
169 172 2877** 20243** 331531 2 
1206 822 64 47 1 118 
332 5 86 142 1657 72924 24 
272 835 4380* 19 627 454* 
666 354 251 562 46376 44 
2120 348 2586** 4 84 43617 206 
10 2353 863 396 309009* 267 
603 789 191 842 28917 
32 23929* 998 5 67396 737*  
710 1792 1193 3739 170337 93 
3574** 19 1384 703 7334 40 
93 4858* 260 1000 89111 503* 
273 508 354 89 8 115466 53 
265 11410 5594* 35 86 29414 1642 
845 1699 458 1642 147079 334 
446 4095* 202 2341 15848 326 
1701* 9578** 645* 10071* 481430** 951* 
305 443 93 1234 25318 120 
Table 13. (Continued) 
Mn Fg. 
Source DF 4 6 4 6 
X 100 
Till 1 1072* 1030 112 77700** 
Error À 4 131 181 61 3087 
GC 1 262 432 3448** 13426 
Till X GC 1 117 132 732** 22297 
Error B 8 138 113 62 6301 
Till 1 1459* 867* 398* 13132 
Error A 4 94 49 34 2184 
GC 1 12 245* 719** 73726** 
Till X GC 1 114 7 42* 322 
Error B 8 51 44 7 1126 
Till 1 2062** 14 84* 148 125 
Error A 4 94 192 24 411 
GC 1 351* 310* 251* 886 
Till X BC 1 461* 119 39 923 
Error B 8 44 35 40 732 
Till 1 7019** 1223** 680 295 
Error A 4 202 51 230 141 
GC 1 187 10 3328** 5158** 
Till X GC 1 36 45 11 1 
Error B 8 198 137 46 123 
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B Çu  ^
4 6 4 6 4 6 
0.00 3.79 25.20** 20.14** 57.5 84.46 
2.02 1.58 0.16 0.48 52.3 70.47 
O.lO 0.02 5.86 1.98 86.2 3.63 
1.22 2.17 2.48* 0.03 19.8 1.29 
1.60 0.65 0.54 0.46 24.4 48.40 
6.00 0.47 10.24 16.27* 11.1 0.88 
1.37 0.63 2.22 0.96 133.1 36.79 
0.26 0.17 14.88* 10.71 129.9 220.25* 
0.02 0.02 0.36 1.85 76.6 5.56 
1.30 0.47 0.81 2.38 174.9 32.46 
0.07 5.23* 2.67 0.86 3086.1 774.02* 
0.94 0.66 2.63 1.02 725.0 66.84 
5.26* 9.42** 17.50** 10.17** 544.1 80.56 
0.11 0.33 1.20 0.88 1968.9 77.22 
0.67 0.31 1.50 0.80 1063.9 49.62 
4.76** 4.10* 27.94* 6.33 581.5 250.42 
0.20 0.34 2.26 1.09 105.8 51.02 
3.58** 6.14** 5.66 7.09** 3.6 72.69 
0.03 0.94 0.56 0.04 60.8* 21.65 
0.18 0.36 2.26 0.42 11.3 42.28 
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Table 13. (Continued) 
M Na 
Source DF 4 6 4 6 
X 100 X 10 
Till 1 109 8821** 794 247 
Error A 4 96 336 1510 134 
GC 1 4861** 3361 453 82 
Till X GC 1 781 2962 2313 22 
Error B 8 85 804 1789 93 
Till 1 313 22178 99 52 
Error A 4 44 572 484 16 
GC 1 912** 12249** 162 370** 
Till X GC 1 23 79 623 23 
Error B 8 13 149 518 24 
Till 1 175 27 26 47 
Error A 4 54 103 44 31 
GC 1 555** 145 9 11 
Till X GC 1 45 110 621 44 
Error B 8 38 101 144 30 
Till 1 753 53 460 48 
Error A 4 233 15 119 14 
GC 1 5195** 1106** 1136 13 
Till X GC 1 32 1 362 148 
Error B 8 78 20 225 38 
Table 14. Mean square values for GDU, plant height and dry 
weight at leaf stage 4 and 5 and at harvest, stand, 
grain yield, and dry matter yield in 1979 
Height 
PD Source DF GDU 4 6 Harvest 
1 Till 1 19.9 50.42* 406.80* 117.60 
Error A 4 154.8 5.58 47.92 234.22 
GC 1 647.1** •4.54* 108.11** 117.60** 
Till X GC 1 87.9 0.60 70.08** 29.40 
Error B 8 44.8 0.73 4.21 12.75 
2 Till 1 13.0 29.05 116.31 5133.75** 
Error A 4 57.7 79.34 169.13 389.62 
GC 1 146.3 135.75** 251.20** 25.35 
Till X GC 1 287.9 12.37 65.67 66.15 
Error B 8 244.8 6.12 23.82 17.87 
3 Till 1 58.9 54.15 196.90 1109.40 
Error A 4 53.9 39.44 428.20 261.52 
GC 1 8.1 24.07**  185.37** 101.40* 
Till X GC 1 4.5 3.04 1.49 21.60 
Error B 8 10.4 2.29 25.45 23.62 
4 Till 1 40.8  22.82 136.39 1.35 
Error A 4 62.0 18.07 21.13 441.60 
GC 1 6.1 3.04 0.56 93.75* 
Till X GC 1 3.3 2.40 14.54 360.15** 
Error B 8 20.7 1.93 6.76 22.39 
* and ** indicate 5% and 1% levels of significance, 
respectively. 
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Dry 
4 6 Harvest Stand 
Grain 
yield 
matter 
yield 
X 10,000 
0.1000 21.96 11592.60 12126 28.1 0.0690 
0.0642 3.99 1893.98 7417 409.7 0.3178 
0.0482** 7.53** 3535.30* 1794 0.7 0.3185** 
0.0050 11.09** 10773.60** 72 3.9 0.4043** 
0.0029 0.34 660.06 447 30.2 0.0314 
0.0304 10.00 3110.40 14064 614.4 0.5288 
1.2874 23.93 3059.40 3300 121.4 0.2204 
4.2934** 46.82** 1815.00 1148 602.9** 0.1257 
0.0150 0.38 4335.00** 12125** 109.4* 0.0060 
0.0471 2.00 531.26 598 17.1 0.0340 
0.0003 1.20 252.15 3032 150.7 0.0013 
0.0687 21.42 7271.02 4556 557.6 0.3061 
0.0023 2.60 25.35 18 24.1 0.0020 
0.0065 0.18 889.35* 3031 51.3 0.0880** 
0.0058 1.49 179.47 755 18.9 0.0072 
0.1307 4.54 126.15 72 — 0.0038 
0.0895 4.24 651.52 2628 - 0.0166 
0.0920** 0.50 205.35 72 - O.OlOl 
0.1354** 5.10** 0.15 58.14* - 0.0200* 
0.0042 0.45 142.81 886 - 0.0032 
Table 15. Mean square values for GDU, ERI, plant height and 
dry weight at leaf stages 4 and 5 and at harvest, 
stand, grain yield, and dry matter yield in 1980 
Height 
PD Source DF GDU ERI 4 6 Harvest 
1 Till 1 3495** 1.533** 387.20** 1034** 7373 
Error A 4 15 0.066 5.98 2 1673 
GC 1 30143** 10.407** 120.87** 1132** 18605** 
Till X GC 1 3594** 1.837* 1.80 14 105 
Error B 8 147 0.339 6.88 10 972 
2 Till 1 240 6.394 0.01 118 1940 
Error A 4 170 1.585 20.82 54 1469 
GC 1 20189** 37.417** 312.71** 1331** 4898 
Till X GC 1 10 0.002 17.27* 22 5544 
Error B 8 462 0.902 2.38 10 4053 
3 Till 1 937 7.415* 13.71** 208* 11 
Error A 4 989 0.917 0.54 16 1130 
GC 1 491 40.596** 11.10** 191** 120 
Till X GC 1 1 0.011 1.74 2 130 
Error B 8 452 0.646 0.44 8 942 
4 Till 1 1388* 0.527 11.62 24 2738 
Error A 4 120 1.784 28.59 46 441 
GC 1 2632** 13.129** 0.70 34 39 
Till X GC 1 324 6.025* 0.22 48 205 
Error B 8 136 1.028 4.99 9 317 
* and ** indicate 5% and 1% levels of significance, 
respectively. 
96 
Dry weight Grain 
Dry 
matter 
4 6 Harvest Stand yield yield 
X 10,000 
2.850** 84.58** 405 3767 7 0.0712 
0.036 0.67 117 2228 62 0.0128 
2.005** 82.78** 480 2203 325 0.0003 
0.047 0.36 370 245 262 0.0058 
0.073 1.69 113 662 127 0.0081 
0.142 6.49 22 30868 108 0.1948 
0.107 3.76 33 6051 341 0.0402 
2.450** 77.03** 68 26787* 96 0.1112* 
0.133 2.46 8 834 4 0.0068 
0.014 0.78 30 2938 80 0.0193 
0.319* 13.71** 387* 145 166* 0.0239 
0.040 0.54 18 851 11 0.0044 
0.700** 11.10** 168 11214* 655** 0.0310 
0.071 1.74 16 370 5 0.0063 
0.026 0.44 93 1376 32 0.0075 
0.080 0.90 344* 523 194 0.0039 
0.071 1.66 32 400 60 0.0066 
0.064 0.87 638** 1055 148 0.0069 
0.011 1.78 92 5041** 16 0.0595** 
0.019 0.47 44 39 8 33 0.0023 
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APPENDIX D. SUPPLEMENT TO PUBLICATION 
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Supplement to Publication 
In an effort to reduce the length of this dissertation, 
the following data have been filed as a Supplement to 
Publication; plant height and dry weight at leaf stages 4 
and 6 and at harvest, plant population, residue cover (%), 
residue weight, seedling emergence, plant nutrient concentra­
tion, soil chemical analysis, soil moisture, dry matter yield, 
corn grain yield, and growing degree units. 
To obtain a microfiche copy of the Supplement to Pub­
lication, contact the Photo Service, Iowa State University, 
Ames, Iowa 5 0011, requesting Supplement to Publication No. 
2/2/81. Give your name and complete address (including 
zip code) for mailing. 
